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(54) Image pickup apparatus 

(57) An image pickup apparatus is provided to ob- 
tain a preferable image, which comprises plural image 
pickup areas for picking up the image of an object by 
dividing the object image into plural areas, wherein each 



of the plural image pickup areas includes plural pixels, 
and a scanning circuit for scanning the pixels such that 
accumulating timings of the pixels between adjacent im- 
age pickup areas corresponding to adjacent divided im- 
ages of the object are equal to each other. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] The present invention relates to an image pick- 
up apparatus, a driving method of the image pickup ap- 
paratus, an image processing method, an information 
recording medium and an image processing system 
suitably used in e.g., a digital camera system and a sys- 
tem for reading an image of a digital copying machine 
or a digital X-ray image pickup apparatus. 

Related Background Art 

[0002] In an image reading system, a reduction opti- 
cal type sensor using a CCD, a sensor having an am- 
plifier for amplifying charges accumulated in a photoe- 
lectric converting area in pixels, or an equal magnifica- 
tion type CIS sensor using a-Si (amorphous silicon), etc. 
are conventionally used as a line sensor. A CCD having 
high sensitivity characteristics mainly is used in a video 
camera and a digital still camera as an area sensor in 
which the pixels are two-dimensionally arranged. A 
CMOS sensor having high sensitivity characteristics 
equal to those of the CCD type attracts public attention 
as a high sensitivity sensor. 

[0003] In contrast to this, an X-ray image pickup ap- 
paratus for converting an incident X-ray to light by a scin- 
tillator and further detecting such light by a sensor is re- 
searched and developed in a medical treatment field, a 
non-destructive inspecting field, etc. For example, a 
compact CCD is practically used for dentistry in the 
medical treatment field. Further, the amorphous silicon 
(a-Si) and a pin type photodiode, etc. are recently re- 
searched and developed in a large-sized X-ray image 
pickup apparatus having a size of several tens cm or 
more in chest photographing, etc. An improvement ex- 
ample of the a-Si is disclosed in Japanese Patent Ap- 
plication Laid-Open No. 8-116004. This image pickup 
apparatus is large-sized and can cheaply obtain a still 
image. 

[0004] A motion image pickup apparatus of the next 
generation to a still image pickup apparatus is expected 
as the image pickup apparatus, particularly, an image 
pickup apparatus used in an X-ray image pickup sensor 
used in the medical treatment field. 
[0005] Here, there are (1) high sensitivity and high 
speed reading techniques, (2) large-sized structure, (3) 
low cost, etc. as technical problems. 
[0006] With respect to the above problems of the high 
sensitivity and high speed reading techniques, high sen- 
sitivity and reading speed ten times or more are required 
in comparison with the present a-Si and the pin type to 
pick up a motion image. An X-ray is continuously irradi- 
ated to a human being to pick up the motion image. How- 
ever, in consideration of influences due to the X-ray ir- 



radiation, it is necessary to reduce an irradiation amount 
of the X-ray to 1 /several and sensitivity corresponding 
to an exposure time of 1 /several and a high speed sev- 
eral times are required to perform an image reading op- 
eration of several tens frames/second. In this respect, it 
is difficult to realize this requirement in the a-Si and the 
pin type photodiode. 

[0007] The CCD of a perfect depletion type certainly 
has high sensitivity, but becomes unsuitable as a chip 
size is increased. Since the CCD is of a charge transfer 
type, a transfer becomes a problem as the number of 
transfer stages (high pixels) is increased. Namely, a 
driving voltage at a driving end of the CCD is different 
from that near a center of the CCD so that it is difficult 
to perform a perfect transfer operation. Power consump- 
tion is expressed by CV2f , but C and V are increased as 
an area of the CCD is increased. Accordingly, a periph- 
eral driving circuit becomes a heating source and a 
noise source so that no high S/N is obtained. Therefore, 
the CCD has one aspect unsuitable for a large-sized 
sensor. 

[0008] A manufacturing process of the large-sized 
sensor in the a-Si and the pin type is advantageous in 
comparison with the CCD and the CMOS sensor. How- 
ever, no photoelectric converting portion is of a perfect 
depletion type and there is a KTC noise depending on 
the parasitic capacity of an output line and sensitivity is 
low Further, a driving circuit of the sensor and an am- 
plifier are externally required (see Fig. 52 of Japanese 
Patent Application Laid-Open No. 8-116004) and it is 
necessary to make a good quality article judgment of 
the sensor after peripheral parts are assembled into the 
sensor. Therefore, price of the sensor itself is relatively 
low, but final cost is high. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide 
an image pickup apparatus, a driving method of the im- 
age pickup apparatus and an image pickup system ca- 
pable of obtaining an image of good quality. 
[0010] To achieve the above object, according to one 
aspect of the present invention, there is provided an im- 
age pickup apparatus comprising: 

plural image pickup areas for picking up an image 
of an object by dividing the object image into plural 
areas, wherein each of the plural image pickup ar- 
eas includes plural pixels arranged in a first direc- 
tion and a second direction different from the first 
direction; and 

scanning means for sequentially scanning the plu- 
ral pixels arranged in the second direction in each 
of the plural image pickup areas in the same timing, 
wherein the scanning means scans the pixels in a 
direction opposite to the first direction through ad- 
jacent image pickup areas corresponding to adja- 
cent divided images of said object. 
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(0011 J According to another aspect of the present in- 
vention, there is provided an image pickup apparatus 
comprising: 

plural image pickup areas for picking up the image 5 
of an object by dividing the object image into plural 
areas, wherein each of the plural image pickup ar- 
eas includes plural pixels; and 
scanning means for scanning the pixels such that 
accumulating timings of the pixels of adjacent im- 
age pickup areas corresponding to adjacent divided 
images of the object are equal to each other. 

[0012] The other objects and features of the present 
invention will become apparent from the following de- 
scription of the specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Fig. 1 is a view showing the schematic construction 
of an image pickup apparatus when four image 
pickup sensors are stuck to each other; 
Fig. 2 is an explanatory view of a scanning method 
of the image pickup apparatus of Fig. 1 ; 
Fig. 3 is a view showing constructions of one pixel 
portion of an image pickup area of the image pickup 
apparatus of Fig. 1 and its signal read-out circuit; 
Fig. 4 is a view for explaining a case in which scan- 
ning directions of a row scanning circuit are set to 
the same direction in the sticking image pickup ap- 
paratus; 

Fig. 5 is a timing diagram for explaining row scan- 
ning of the image pickup apparatus; 
Fig. 6 is a timing chart showing a read-out operation 
of a pixel signal and a noise signal of the image pick- 
up apparatus; 

Fig. 7 is an explanatory view showing a read-out 
system of the image pickup apparatus; 
Fig. 8 is a conceptual view in which upper and lower 
(left-hand and right-hand) sensors are formed in the 
same form; 

Fig. 9 is a view showing an entire construction of 
the image pickup apparatus as one embodiment; 
Fig. 10 is a typical constructional view of a mounting 
example of the image pickup apparatus; 
Fig. 11 is a view showing a schematic flow of taking- 
in of data from rising setting of the apparatus, and 
processing and display of the data; 
Fig. 12 is a typical view showing a further concrete 
example of an X-ray diagnostic system using the 
image pickup apparatus in one embodiment of the 
present invention; 

Fig. 13 is an explanatory view showing a case in 
which sixteen image pickup sensors are stuck to 
each other; 

Figs. 14 A and 14B are explanatory views showing 



another embodiment of the image pickup appara- 
tus; and 

Figs. 15A, 15B and 15C are explanatory views 
showing another embodiment of the image pickup 
apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Embodiments of the present invention will next 
be explained in detail by using the drawings. 
[0015] Fig. 1 is a view showing the schematic con- 
struction of an image pickup apparatus in which four im- 
age pickup sensors are stuck to each other. Fig. 2 is an 
explanatory view of a scanning method of the image 
pickup apparatus of Fig. 1 . Fig. 3 is a view showing con- 
structions of one pixel portion of an image pickup area 
of the image pickup apparatus of Fig. 1 and its signal 
read-out circuit. The present invention is not limited to 
the image pickup apparatus in which plural image pick- 
up sensor boards respectively having image pickup ar- 
eas are stuck to each other, but can be also applied to 
an image pickup apparatus in which plural image pickup 
areas and a scanning circuit, etc. are formed in one sem- 
iconductor board. Further, the present invention is not 
limited to a case in which the four image pickup sensors 
are stuck to each other, but can be also applied to an 
image pickup apparatus in which two image pickup sen- 
sors or more for performing a scanning operation in a 
row direction are stuck to each other (or an image pickup 
apparatus having two image pickup areas or more for 
performing the scanning operation in the row direction). 
Further, no pixel construction of the image pickup appa- 
ratus of the present invention is particularly limited to a 
CMOS sensor described later. The above "first arrang- 
ing direction" is equal to a scanning direction of a row 
scanning circuit of Fig. 1 and the "second arranging di- 
rection" is equal to a scanning direction of a column 
scanning circuit. 

[0016] In Fig. 1, reference numerals 11 and 22 and 
reference numerals 12 and 21 denote image pickup 
sensors in the same form stuck to each other such that 
the image pickup sensors 11 and 22 and the image pick- 
up sensors 12 and 21 are diagonally arranged on the 
same board. The four image pickup sensors 11, 12, 21 
and 22 are stuck to each other such that a scanning cir- 
cuit and an output circuit (a memory circuit, etc.) are ar- 
ranged on an outer side (a peripheral side). Reference 
characters A1 , A2, B1 and B2 respectively denote im- 
age pickup areas of the image pickup sensors 11, 22, 
12 and 21. 

[0017] The construction of the image pickup sensor 
11 as an example will next be explained. 
[0018] The image pickup area A1 of the image pickup 
sensor 11 is constructed by arranging plural pixel por- 
tions 1 00 of Fig. 3 described later in horizontal and ver- 
tical directions. Pitches of the pixel portions 100 are dif- 
ferent from each other in accordance with applications. 
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When the image pickup sensor is applied to a chest por- 
tion image pickup apparatus of a human being using an 
X-ray, about 15 cm in square size and 50 u.m to 100 
in resolution are required in the image pickup area A1 . 
In this embodiment, the explanation is made when the 5 
pitch of the pixel portions is 50 u.m. 
[0019] It is relatively easy to construct pixels having 
50 jum in pitch by CMOS sensors as shown by the pixel 
portions 100. Namely, the CMOS sensors are devel- 
oped and produced such that a pitch of the CMOS sen- 
sors ranges from 5 ujn to 1 0 u.m. 
[0020] Since the pixel size is large in this embodiment, 
no problem is caused even when a semiconductor de- 
vice MPA (Mirror Projection Aligner) of a one-to-one op- 
tical system is used. 

[0021] An image pickup sensor having a size a little 
more than 1 5 cm can be manufactured by an 8-inch wa- 
fer. Further, an image pickup sensor having a larger im- 
age pickup area and 20 cm in size can be sufficiently 
manufactured by a 12-inch wafer which seems to be the 
mainstream of a semiconductor in the future. When the 
image pickup area is set to a square size of 1 5 cm and 
the pixel pitch is set to 75 urn, the number of pixels of 
the image pickup sensor is 2,000 X 2,000 = 4,000,000 
four millions. 

[0022] A row scanning circuit (V-SR) 2 is arranged on 
one side of the image pickup area A1 and a pixel row is 
selected by this row scanning circuit 2 in the vertical di- 
rection. Further, a memory circuit 3, an unillustrated 
transistor circuit, reset circuit (not shown) and a column 
scanning circuit (H-SR) 1 are arranged on another side 
of the image pickup area A1 . The memory circuit 3 tem- 
porarily holds a signal in the pixel row selected by the 
row scanning circuit 2. The transistor circuit controls the 
operation of an amplifier of pixels in an active state. The 
reset circuit resets a residual signal of a vertical signal 
line. The column scanning circuit (H-SR) 1 controls 
read-out of the signal from the memory circuit 3. 
[0023] Light-shielding for clamping a black signal is 
made with respect to predetermined pixels (e.g., several 
ten pixels) on the face on which the image pickup area 
A1 is adjacent to the scanning circuits 1, 2. 
[0024] An output of the memory circuit 3 is connected 
to an output amplifier 4 in which signal amplification and 
impedance conversion are performed. In the image 
pickup sensor in this embodiment, each pixel portion is 
formed by a photodiode and a CMOS amplifier, and the 
memory circuit is formed by a capacitor and the scan- 
ning circuit is formed by a CMOS transistor and the out- 
put amplifier is also formed by a CMOS transistor. 
[0025] Since the constructional portions except for the 
photodiode are constructed by CMOS structure as men- 
tioned above, the amplifier, an A/D converting circuit, a 
SRAM, etc. can be built in the pixel portion. Since the 
column scanning circuit 1 is operated by a driving meth- 
od explained with reference to Fig. 2, the column scan- 
ning circuit 1 is constructed by a circuit capable of per- 
forming a bidirectional driving operation. However, since 



it is not necessary to particularly limit a scanning direc- 
tion of the column scanning circuit as described later, 
no column scanning circuit may be constructed by a cir- 
cuit capable of performing the bidirectional driving op- 
eration. 

[0026] One example of the scanning method suitably 
used in the above image pickup apparatus will next be 
explained by using Fig. 2. This scanning method can be 
suitably used to pick up a motion image, but can be also 
used to pick up a still image naturally. 
[0027] When the image of a moving object is picked 
up by the image pickup apparatus having plural image 
pickup sensors stuck to each other, joint in the connec- 
tion of the motion images between the image pickup 
sensors becomes important. This embodiment will next 
be explained when four images are synthesized as an 
example. When four image pickup sensors are sepa- 
rately independently operated in a scanning direction 
shown in Fig. 4, correlation of the images is lost in joint 
portions of four screens (a joint portion of image pickup 
areas A1 and B2, a joint portion of image pickup areas 
B1 and A2, a joint portion of image pickup areas A1 and 
B1, and a joint portion of image pickup areas B2 and 
A2). For example, a shift in time is caused by a scanning 
period in a row direction in a pixel row (a pixel row for 
terminating scanning) of the image pickup area A1 and 
a pixel row (a pixel row for starting scanning) of the im- 
age pickup area B2 which are adjacent in the vicinity of 
the joint portion of the image pickup areas A1 and B2. 
Accordingly, the correlation of the images is lost. 
[0028] Since the number of pixels is small in the case 
of a television image, necessity of sticking is small and 
it is possible to set a frame frequency to range from 60 
Hz to 600 Hz if necessary. However, since the image 
pickup apparatus of this embodiment is constructed by 
4 x 4,000,000 pixels, it is necessary to perform a super- 
high speed driving operation by continuously performing 
the scanning operation using four image pickup appa- 
ratuses in a similar way. It is difficult to realize such a 
superhigh speed driving operation. For example, when 
16,000,000 pixels are read at a rate of 30 frames/sec- 
ond, the frame frequency becomes 1 ,600 X 10 4 x 30 = 
0.48 X 10 9 so that the frame frequency becomes about 
480 MHz. It should be understood that it is difficult to 
realize the continuous scanning operation even when 
no large screen having a square size of 15 cm x 4 is 
used. In the present invention, to enable 30 frames/sec- 
ond, a driving frequency is reduced to about 15 MHz 
which is 1/32 of 480 MHz(actually becomes about 20 
MHz by a reset time of pixels, signal transfer from the 
pixels, etc.) by 

(1) frequency is reduced to 1/4 by operating the four 
image pickup sensors in parallel with each other, 
and 

(2) frequency is reduced to 1/8 with one image pick- 
up sensor as an 8-line output. 
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[0029] With respect to the problem of the correlation 
of the above images, scanning directions of the row 
scanning circuit are not set to the same direction as 
shown in Fig. 4, but are set to directions opposed to each 
other as shown in Fig. 2 with respect to adjacent image 5 
pickup sensors in this embodiment. As shown in Fig. 2, 
if the scanning operation of the row scanning circuit is 
performed in directions opposed to each other between 
the adjacent image pickup sensors, a scanning opera- 
tion (a scanning direction of reference numeral (1 ) in Fig. 
2) separated from sticking sides of the image pickup 
sensors and a scanning operation (a scanning direction 
of reference numeral (2) in Fig. 2) approaching these 
sticking sides may be performed. 
[0030] Since the four image pickup sensors are oper- 
ated in parallel with each other in the image pickup ap- 
paratus of this embodiment, the "joint" of a motion image 
at a time of this operation becomes a matter of concern 
basically in image pickup areas A1 and B1 , image pick- 
up areas A1 and B2, image pickup areas B2 and A2, 
and image pickup areas B1 and A2 for jointing images 
to each other. However, as shown in Fig. 2, only the 
scanning directions of the row scanning circuit are set 
to opposite directions in this embodiment. As explained 
later, this is because image pickup areas A1 and B2 and 
image pickup areas B1 and A2 are more important in 
comparison with image pickup areas A1 and B1 and im- 
age pickup areas B2 and A2. 

[0031] As shown in Fig. 4, when image pickup areas 
A1 and B1 are row-scanned in parallel from V1 to Vn of 
the row scanning circuit and image pickup areas B2 and 
A2 are row-scanned in parallel from Vn to V1 of the row 
scanning circuit, a shift in exposure time is caused for a 
1V period in the joint portion of image pickup areas A1 
and B2 and the joint portion of image pickup areas B1 
and A2. In this embodiment, as shown in Fig. 2, the row 
scanning operation is performed in parallel from Vn to 
V1 ((1) of Fig. 2), or is performed in parallel from V1 to 
Vn ((2) of Fig. 2) by each of the image pickup sensors 
such that a pixel shift in image pickup areas close to 
each other in space as in image pickup areas A1 and 
B2 and image pickup areas B1 and A2 is removed or is 
further reduced. Thus, an image shift can be removed 
or further reduced in the joints of image pickup areas A1 
and B2 and image pickup areas B1 and A2. 
[0032] Fig. 5 shows an explanatory view of timing of 
row scanning. In Fig. 5, fv is set to 30 Hz and fH is set 
to about 16.7 u.s since there are about 2,000 rows. Pixel 
signals in one row are transferred and outputted within 
the period of fH. If the pixel signals are transferred and 
outputted in the same timing in the scanning direction 
from the joint portions of image pickup areas A1 and B2 
and image pickup areas B1 and A2, accumulating tim- 
ings of pixels in a pixel row of the same number in the 
scanning direction are the same since the pixel signals 
are transferred and outputted in the same period. 
[0033] Column scanning will next be explained. Sim- 
ilar to the row scanning, a problem of the "joint" of a mo- 



tion image also exists in the joint portions of image pick- 
up areas A1 and B1 and image pickup areas B2 and A2. 
However, an exposure time shift in this scanning direc- 
tion is 16.7 us at its maximum and this time shift is sub- 
stantially of no importance. Therefore, it is not neces- 
sary to perform a scanning operation in a reverse direc- 
tion similar to that in the column scanning. Accordingly, 
the scanning operation may be essentially performed 
from one of H1 or Hn. 

[0034] In this embodiment, image pickup area A1 (or 
image pickup area B2) is scanned from H1 to Hn and 
image pickup area B1 (or image pickup area A2) is 
scanned from Hn to H1 so as to similarly gain access to 
a memory. Therefore, the column scanning circuit is 
constructed by a bidirectional shift register. 
[0035] As described above, since the present inven- 
tion includes scanning means for scanning a plurality of 
image pickup areas so that accumulation timings of pix- 
els of adjacent image pickup areas become equal to 
each other, the problem caused by the joint in the con- 
nection of the image pickup areas can be solved. 
[0036] Fig. 3 is a view showing the schematic con- 
struction of an image pickup sensor. In Fig. 3, H-SR de- 
notes a column scanning circuit, V-SR denotes a row 
scanning circuit and a block 100 is a unit pixel. CTS and 
CTN denote capacitors for a memory for temporarily 
holding a pixel signal and a pixel noise. In an output of 
this memory, the pixel noise is removed from the pixel 
signal by a differential amplifier at a subsequent stage 
and an uniilustrated signal having a good SN ratio is out- 
putted. 

[0037] In the unit pixel 100, reference numerals 10 
and 20 respectively denote a photodiode and a transfer 
switch for transferring a signal photoelectrically convert- 
ed from the photodiode 10 to a floating diffusion portion 
(an FD portion) of a pixel amplifier. Reference numerals 
30, 40 and 50 respectively denote a reset switch for re- 
setting an electric potential of the FD portion of the pixel 
amplifier to a reset electric potential, the pixel amplifier 
and a pixel (row unit) selection switch connected to the 
pixel amplifier 40. There is a load of the pixel amplifier 
40 on a vertical signal line Vs (omitted in Fig. 3) and 
reference numeral 70 denotes a clear switch for clearing 
residual charges on the vertical signal line Vs. 
[0038] Fig. 6 is a timing chart of the column scanning. 
In Fig. 6, reference characters T1, T2, T3 and T4 re- 
spectively denote a residual charge reset period of a 
memory, a pixel noise transfer period, a pixel signal 
transfer period, and an output period of a pixel signal 
and a noise. 

[0039] In the period T1, signals <|>HC, (|>TS and $TN 
attain high voltage levels, and the clear switch 70 and 
switches between the vertical signal line and capacitors 
CTS, CTN are turned on, and a vertical signal line 60 
and the capacitors CTS, CTN are reset. 
[0040] Next, in the period T2, signals $c, <|>o and <J>TN 
attain high voltage levels and the reset switch 30 is 
turned on and the FD portion is reset. After the FD por- 
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tion is reset, the noise signal is transferred to the capac- 
itor CTN. 

[0041] Next, in the period T3, signals <|>s, <J>o and <|>TS 
attain high voltage levels so that the pixel signal from 
the photodiode 10 is transferred to the capacitor CTS. 
[0042] Next, in the period T4, a scanning operation 
using the column scanning circuit H-SR is sequentially 
performed by signals H1, H2 inputted to the column 
scanning circuitH-SR so that the pixel signal and the 
noise signal are simultaneously transferred to each out- 
put line. 

[0043] As already explained, the present invention is 
not limited to a case in which four image pickup sensors 
are stuck to each other. Fig. 13 shows an embodiment 
in which sixteen image pickup sensors are stuck to each 
other. The image pickup sensors are electrically con- 
nected to each other except for image pickup sensors 
21 and 31 , 22 and 32, 23 and 33, and 24 and 34. Column 
and row scanning operations of pixels in each of stuck 
image pickup areas are performed. In this arrangement, 
image pickup sensors 11 and 44, 14 and 41,21 and 34, 
24 and 31, 22, 23, 32, 33 can be formed in the same 
form. Further, if a bidirectional shift register is used in 
the column scanning circuit, image pickup sensors 12, 
13, 42, 43 can be also formed in the same form. 
[0044] Fig. 7 shows an embodiment of divisional par- 
allel transfer of a memory signal. In this embodiment, 
the 8-line output is performed to reduce a transfer fre- 
quency, but a construction in the case of a 4-line output 
is here shown to simplify the explanation. The 8-line out- 
put can be achieved by setting output lines subsequent 
to the memory to eight lines and connecting these eight 
lines and increasing the number of output amplifiers. As 
shown in Fig. 7, a signal and a noise of the memory ac- 
cumulated to each of the capacitors CTS, CTN are re- 
spectively transferred to a noise output line and a signal 
output line by a pulse (c|>h1 , $h2, — , 4>hn) of the column 
scanning circuit every four columns of pixels. Further, 
subtracting processing of (signal-noise) is performed by 
a subtracting output amplifier connected to the noise 
output line and the signal output line so that a signal 
removing a noise component therefrom is outputted (S1 
to S4). 

[0045] When the orientations of read-out scanning di- 
rections of adjacent image pickup sensors are set to be 
opposite in the adjacent image pickup sensors, it is de- 
sirable to form image pickup sensors diagonally ar- 
ranged in the same form as shown in Figs. 1 and 2 in 
the image pickup apparatus having four image pickup 
sensors stuck to each other. 

[0046] Namely, as shown in Fig. 1, if image pickup 
sensors 11 and 22 and image pickup sensors 12 and 21 
are formed in the same form, image pickup sensors 11 
and 22 and image pickup sensors 12 and 21 can be 
manufactured by the same mask. Mask management, 
test, semiconductor manufacturing management, stock 
management, apparatus for sticking, etc. are facilitated 
by constructing the image pickup apparatus by two 



kinds of image pickup sensors so that the number of de- 
fective products and cost can be reduced. It is possible 
to cope with masks used in manufacturing processes of 
image pickup sensors 11 , 22 and image pickup sensors 
5 12, 21 by mirror inversion so that design burden is re- 
duced. 

[0047] Further, the four image pickup sensors can be 
operated by a common driving pulse so that a peripheral 
driving pulse generating circuit can be easily operated. 

10 An image pickup sensor driving circuit can be also corn- 
monized by performing the common driving operation 
as described in a mounting construction of Fig. 10. Ac- 
cordingly, it should be understood that this construction 
is excellent in mounting. 

15 [0048] For comparison, Fig. 8 shows a conceptual 
view in which upper and lower (left-hand and right-hand) 
sensors are formed in the same form. In Fig. 8, a row 
scanning operation of an image pickup sensor 11 is per- 
formed from below to above in Fig. 8 and the scanning 

20 operation of an image pickup sensor 21 is performed 
from rightward to leftward in Fig. 8. When changes in 
exposure time at such a row scanning time are com- 
pared, the exposure times of the image pickup sensors 
11 and 21 are conformed to each other with respect to 

25 only a pixel a located at a diagonal angle of the image 
pickup sensors. With respect to a pixel b of the image 
pickup sensor 11 and a pixel d of the image pickup sen- 
sor 21 , a shift in exposure timing of a one field period is 
caused. However, the exposure times of the image pick- 

30 up sensors located in the vicinity of a sticking face can 
be conformed to each other by forming diagonal image 
pickup sensors in the same form as shown in Figs. 1 
and 2, in other words, by combining the row scanning 
circuit with a sensor constructed by mirror inversion. Ac- 

35 cordingly, no unnaturalness of a motion image is caused 
at a sensing time of the motion image. 
[0049] Fig. 9 is a view showing one embodiment of an 
entire construction of the image pickup apparatus. The 
image of an object (a chest portion of a human being) 

40 1 01 is picked up by a radiant ray from a light source (X- 
ray) 100. A sensor unit 102 is constructed by the image 
pickup sensor of Fig. 2, a phosphor for converting the 
radiant ray to a visible ray, an X-ray shield member and 
a peripheral driving circuit. 

45 [0050] A signal of 4 X 8 systems (a signal outputted 
by an 8-output line from four image pickup sensors) from 
the sensor unit 102 is converted by an A/D converter 
103 from an analog signal to a digital signal. A sensor 
driving unit 1 09 is mounted such that this sensor driving 

50 unit 109 is adjacent to the sensor unit 102. 

[0051] With respect to the A/D converted signal, syn- 
thesis of four image signals, the correction of a pixel de- 
fective noise, etc. are made by an image processing cir- 
cuit 105 and a memory 104. This processing signal is 

55 stored to a recording unit 1 07, or is displayed in a display 
unit (monitor) 106, and is printed in accordance with ne- 
cessity. Operations of these circuits and respective de- 
vices are entirely controlled by a controller 108. 
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[0052] Fig. 1 0 is a typical constructional view showing 
a mounting example of the image pickup apparatus of 
this embodiment. In Fig. 10, reference characters A1, 
B1, B2 and A2 denote image pickup areas described 
with reference to Figs. 1 and 2, and four image pickup 5 
sensors having the respective image pickup areas are 
stuck to each other on a mounting board. The mounting 
board is constructed by glass, a fiber plate, etc. Wirings 
for a driving pulse of the sensors, a power source, sig- 
nals and joint to a GND terminal are formed on the 
mounting board. A wiring pattern is formed by a trans- 
parent member (e.g., ITO), an aluminum member, etc. 
In the case of the aluminum member, a pattern wiring is 
formed so as to avoid a light receiving portion of pixels. 
[0053] I n a row driving operation of each of the image 
pickup sensors, power source Vcc and driving pulses 
<)>Vs, <J>V1, <J>V2, GND are supplied from an illustrated V- 
flexible board. 

[0054] In a column driving operation, power source 
Vcc and driving pulses (t>Hs, <t>H1, <|>H2, <|>F/(J>R are sup- 
plied from an illustrated H-flexible board. 
[0055] Row and column driving systems of this image 
pickup sensor are arranged in the vicinity of sticking 
sides. Therefore, as shown in Fig. 10, the driving sys- 
tems of adjacent image pickup sensors are easily con- 
nected to a common flexible board and a buffer IC. Ac- 
cordingly, the number of external inputs can be reduced. 
[0056] A signal output of the image pickup sensor of 
this embodiment is transmitted to a flexible board S. 
Output signals S1 , S2, S3, S4 are transmitted between 
GND lines. Power source Vcc of an output amplifier and 
a reset pulse on an output signal line are also supplied 
from the flexible board S. A buffer amplifier on the flex- 
ible board S may be also arranged on the mounting 
board. An A/D converter may be also used instead of 
the buffer amplifier. Here, if analog-digital conversion is 
performed, generation of noises is reduced and S/N is 
improved. 

[0057] In this embodiment, if face-down mounting is 
performed, sticking mounting of the four image pickup 
sensors and wiring joint can be performed on the same 
board so that cost can be reduced and a face step dif- 
ference of each image pickup sensor can be reduced 
as merits. 

[0058] Fig. 11 shows a schematic flow of taking-in of 
data from rising setting of the apparatus, and processing 
and display of the data. After the rising of a power 
source, image sensing is started (S1). At a starting time, 
a light amount of an X-ray, an image sensing period 
(frame period) and a image sensing condition are input- 
ted to an input device (a keyboard, etc.) of a personal 
computer, etc., and a selection of scanning is set (S2). 
In particular, in the case of a motion image, a scanning 
direction is set as mentioned above. Object information 
is accumulated to a sensor and read-out of a signal is 
sequentially performed (S3). A signal read out of each 
image pickup sensor is temporarily stored to an accu- 
mulating memory (S4). 



[0059] Image processing (y processing, interpolating 
processing, etc.) for synthesizing each sensor signal as 
one image is performed with respect to the memory sig- 
nal temporarily stored to the accumulating memory (S5). 
This output is stored into a large-sized image memory 
(S6) and a memory output is displayed (S7) in a monitor, 
etc. When the image sensing is terminated, the opera- 
tion of the image pickup apparatus is ended (S8). Data 
inputted to the image pickup apparatus are transferred 
to a personal computer, etc. and software processing, 
etc. for analyzing the object is performed in this personal 
computer, etc. 

[0060] The above image processing method can be 
executed on the basis of a program stored to a computer 
such as a personal computer. The present invention al- 
so includes an information recording medium such as a 
CD-ROM for recording such a program thereto. The im- 
age processing method according to the present inven- 
tion can be executed by reading the program recorded 
to the CD-ROM, etc. 

[0061] Fig. 12 is a typical view showing a further con- 
crete example of an image processing system (an X-ray 
diagnostic system) using the image pickup apparatus in 
this embodiment. 

[0062] An X-ray 6060 generated in an X-ray tube 6050 
is transmitted through a chest portion 6062 of a patient 
or a tested person 606 1 and is incident to an image pick- 
up apparatus 6040 mounting a scintillator to its upper 
portion according to the present invention. This incident 
X-ray includes information as to inside of the body of the 
patient 6061. The scintillator emits light in accordance 
with the incidence of the X-ray and photoelectrically con- 
verts this light and obtains electric information. This in- 
formation is digitally converted and is image-processed 
by an image processor 6070 and can be observed by a 
display 6080 in a control room. 

[0063] This information can be transferred to a remote 
place by a transfer means such as a telephone line 
6090, and can be displayed in a display 6081 in a doctor 
room, etc. in a separate place. Otherwise, this informa- 
tion can be stored to a storing means such as an optical 
disk. Accordingly, a doctor in the remote place can di- 
agnose the patient. Further, this information can be re- 
corded to a film 6110 by a film processor 6100. 
[0064] Here, the plural image pickup areas described 
in this embodiment are not limited to a structure in which 
the plural image pickup areas are formed on one semi- 
conductor board. Namely, the image pickup areas are 
respectively divided into IC packages, and a signal from 
an object such as a landscape, a human being is divided 
into the image pickup areas within the respective IC 
packages and light is received so that an image of the 
object is finally formed. In this case, accumulating tim- 
ings of adjacent pixels between adjacent image pickup 
areas may be set to be equal to each other. Fig. 14A is 
an explanatory view showing this situation. As shown in 
Fig. 14A, the object image is divided into four images A, 
B, C and D and is set such that these images are picked 



15 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP1 014 683 A2 



14 



up by I C packages 11 , 12, 21 and 22 having the respec- 
tive image pickup areas. In this case, no IC packages 
are necessarily closely stuck to each other. For exam- 
ple, it is sufficient to divide an optical signal from the 
object by a different optical system and make the divided 
optical signals incident to the image pickup areas of the 
respective IC packages. 

[0065] Further, it is not necessary to arrange the re- 
spective image pickup areas within the IC packages. For 
example, the image pickup areas may be divided by a 
device such as a video camera, and may receive optical 
signals from the object. Fig. 14B shows this situation. 
As shown in Fig. 14B, the object image is divided into 
four images A, B, C and D and these images are respec- 
tively picked up by video cameras 31 to 34. For example, 
the scanning directions of pixel columns in image pickup 
areas within video cameras 31 and 33 are set to be op- 
posed to each other. 

[0066] It is not necessary to arrange the light receiving 
image pickup areas in accordance with the object image 
when the object image is divided on the light receiving 
image pickup areas which receive light from the object. 
The image pickup areas themselves may be arranged 
in any way if images are finally synthesized and proc- 
essed by a computer, etc. and the synthesized images 
construct the object image. 

[0067] For example, when the case of Fig. 14B is ex- 
plained by using Figs. 15A to 15C, it is sufficient to set 
finally synthesized images to be equal to the object im- 
age even in any arrangement of Figs. 15A to 15C. Fur- 
ther, it is not necessary to arrange the image pickup ar- 
eas in a column (or matrix) shape. An arrow of each of 
Figs. 15A to 15C shows an orientation of the scanning 
direction and it is sufficient to set the scanning directions 
to be opposed to each other with respect to a dividing 
line of the object. 

[0068] The following effects can be obtained in ac- 
cordance with the embodiments. 

(1) . A motion image of high quality can be picked 
up since image pickup exposure time for each of 
image pickup areas opposed to each other in stick- 
ing can be approximately set to the same time. 

(2) . Since plural image pickup sensors can be con- 
structed by sensors of the same kind, processes un- 
til sensor unit manufacture are simplified and the 
image pickup sensors can be easily manufactured 
so that cost can be reduced. 

(3) . Since the plural image pickup sensors can be 
operated by a common driving pulse, the number 
of peripheral driving circuits can be reduced and the 
peripheral driving circuits can be simply mounted 
so that power consumption, noises and cost are re- 
duced. 

(4) . Since an X-ray image pickup apparatus can be 
constructed by a high sensitivity sensor, an X-ray 
irradiating amount can be considerably reduced so 
that the X-ray image pickup apparatus becomes 



safer for the human body. 

[0069] Many widely different embodiments of the 
present invention may be constructed without departing 
5 from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
limited to the specific embodiments described in the 
specification, except as defined in the appended claims. 



1. An image pickup apparatus comprising: 

15 plural image pickup areas for picking up the im- 

age of an object by dividing the object image 
into plural areas, wherein each of said plural im- 
age pickup areas includes plural pixels ar- 
ranged in a first direction and a second direc- 
20 tion different from said first direction; and 

scanning means for sequentially scanning the 
plural pixels arranged in the second direction in 
each of said plural image pickup areas in the 
same timing, wherein said scanning means 
25 scans the pixels in a direction opposite to said 

first direction through adjacent image pickup ar- 
eas corresponding to adjacent divided images 
of said object. 

30 2. An image pickup apparatus according to claim 1, 
wherein, each of said plural image pickup areas in- 
cludes: 



plural accumulating means for accumulating 
35 signals from the plural pixels arranged in said 

second direction and scanned in the same tim- 
ing; and 

read-out means for sequentially reading out the 
signals accumulated in said accumulating 
40 means. 

3. An image pickup apparatus comprising: 

plural image pickup areas for picking up the im- 
45 age of an object by dividing the object image 

into plural areas, wherein each of said plural im- 
age pickup areas includes plural pixels; and 
scanning means for scanning said pixels such 
that accumulating timings of the pixels of adja- 
so cent image pickup areas corresponding to ad- 

jacent divided images of said object are equal 
to each other. 

4. An image pickup apparatus according to either of 
55 claims 1 or 3, wherein each pixel includes amplify- 
ing means for amplifying a photoelectrically con- 
verted signal and outputting the signal, and reset 
means for resetting an input portion of said ampli- 
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tying means. 

5. An image pickup apparatus according to claim 4, 
further comprising: 

differential means for calculating a difference 
between a signal outputted from said amplifying 
means and generated at a time of the resetting of 
the input portion of said amplifying means using 
said reset means and the signal generated by the 
photoelectric conversion and outputted from said 
amplifying means. 

6. An image pickup apparatus according to either of 
claims 1 or 3, further comprising: 

converting means for converting a radiant ray 
transmitted through said object to a visible ray; 
wherein information of said object is inputted to 
said image pickup areas through said convert- 
ing means. 

7. An image pickup apparatus according to either of 
claims 1 or 3, wherein said scanning means scans 
the pixels such that accumulating timings of the re- 
spective pixels in pixel columns of the same number 
in each scanning direction of the adjacent image 
pickup areas are equal to each other. 

8. An image pickup apparatus according to either of 
claims 1 or 3, wherein the image pickup areas are 
respectively arranged in image pickup sensor 
boards and an arrangement of said plural image 
pickup areas is constructed by sticking the image 
pickup sensor boards to each other. 

9. An image pickup apparatus according to either of 
claims 1 or 3, wherein said scanning means is ar- 
ranged in at least an image pickup area arranged 
on an outer side in said second arranging direction 
among the plural image pickup areas, and can bi- 
directionally scan the pixels. 

10. An image pickup apparatus according to either of 
claims 1 or 3, wherein said scanning means as first 
scanning means or/and second scanning means for 
reading-out a signal from pixel columns in the first 
arranging direction and performing the scanning 
operation are arranged in at least an image pickup 
area arranged on a peripheral side among the plural 
image pickup areas, and said first or/and second 
scanning means can bidirectionally scan the pixels. 

11. An image pickup apparatus according to either of 
claims 1 or 3, wherein two image pickup sensor 
boards diagonally arranged on a peripheral side 
among the plural image pickup areas are formed in 
the same form. 



12. An image pickup apparatus according to either of 
claims 1 or 3, wherein operations with respect to the 
plural image pickup areas are controlled by a com- 
mon driving pulse. 

5 

13. A driving method of an image pickup apparatus in- 
cluding plural image pickup areas for picking up the 
image of an object by dividing the object image into 
plural areas, wherein each of said plural image pick- 

10 up areas includes plural pixels arranged in a first 
direction and a second direction different from said 
first direction; 

the driving method comprising: 
a step of sequentially scanning the plural pixels 
arranged in the second direction in each of said 
plural image pickup areas in the same timing, 
wherein said pixels are scanned in a direction 
opposite to said first direction through adjacent 
image pickup areas corresponding to adjacent 
divided images of said object. 

14. A driving method of an image pickup apparatus in- 
cluding plural image pickup areas for picking up the 
image of an object by dividing the object image into 
plural areas, wherein each of said plural image pick- 
up areas includes plural pixels; 

the driving method comprising: 
a step of scanning said pixels such that accu- 
mulating timings of the pixels of adjacent image 
pickup areas corresponding to adjacent divided 
images of said object are equal to each other. 



35 15. An image pickup system comprising: 

radiation generating means for generating a ra- 
diant ray; 

an image pickup apparatus of any of claims 1 
40 to 12 for inputting the radiant ray from said ra- 

diation generating means; 
image processing means for processing an im- 
age signal outputted from said image pickup 
apparatus; and 
45 display means for displaying an image proc- 

essed by said image processing means. 
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FIG. 4 
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FIG. 11 
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